This paper, as Part II of the study on wake-disturbed boundary layer, is to investigate effects of free-stream turbulence on wakeinduced transition of the boudanry layer under a favorable pressure gradient. Hot-wire probe measurements are also made on the wakedisturbed boundary layer to obtain ensemble-averaged shape factor contours on the distance-time diagrams. These data are then used to examine how the favorable pressure gradient and free-stream turbulence affects time-resolved or time-averaged behaviors of the boundary layer subjected to periodic wakes. In addition, likewise in Part I, the heat transfer data are compared with the transition model proposed by Funazaki in order to check the capability of the model under the favorable pressure gradient as well as the free-stream turbulence. 
NOMENCLATURE

INTRODUCTION
This papar, as Part II of the study on wake-disturbed boundary layer, is aimed to clarify effects of free-stream turbulence on wakeinduced transition process of the boundary layer under a favorable pressure gradient. In part I, it was revealed that the wake-induced transition model developed by Funazaki (1996) could reproduce the experimental data to a satisfactory level with some modifications of the parameters used in the model, where the wake-induced transition onset was found around at the momentum thickness Reynolds number Re θ ≅200-250 under the several flow acceleration conditions However, further examinations of the capability of the transition model are needed since those experiments were conducted under a low freestream turbulence condition.
In fact, there have been less studies on the combined effect of a free-stream turbulence and a favorable pressure gradient upon transition process of wake-disturbed boundary layers. Malye and Dullenkopf [Mayle, 1990 #57] proposed an equation to estimate the mixed transition process with a natural and a forced transition mode in terms of intermittency factor as follows:
where γ n and γ w are intermittency factors for a natural and a forced transition mode. This expression is based on an assumption that these two transition modes are independent with each other, however, the validity of the assumption is not experimentally verified yet. Actually a calmed region, which appears after wake-associated turbulence spots, reportedly suppresses the occurrence of subsequent turbulence stops related to the natural transition (Halstead et al. (1995) , Gostelow et al. (1996) ), clearly indicating that the two transition modes interact with each other. It appears that this interaction can be one of the causes that deteriorate the accuracy of Eq (1), however, to the authors' best knowledge no quantitative examinations on this point are made up to date. In this study a main focus is placed on effects of free-stream turbulence on wake-induced transition of the boudanry layer under a favorable pressure gradient. Time-averaged heat transfer measurements as well as time-resolved boundary layer measurements are made using the test apparatus same as that in Part I. As for a flow acceleration, three levels of flow acceleration are adopted in this study, which are K = × Figure 1 shows turbulence intensity contours of steady-state boundary layers over the test plate measured for the enhanced freestream turbulence cases, say, for Grid 1 and Grid (refer to Table 1 . Lines showing the location of 95% local free-stream velocity are plotted in these contours to roughly indicate an edge of each of the boundary layers. Some jagged contours, which were drawn by an application for Macintosh (Spyglass, Fortner Co.), appear due to a limited number of the measurement locations adopted in this study. Dark-colored regions in this figure represent the domains with the highest turbulence intensity, which provide the readers a snapshot of transitional regions induced by the enhanced free-stream turbulence. Inspections on these regions as well as on the 95% velocity lines yield that a transition initiated around at x L = 0 25
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. for Grid 1 case and x L = 0 10 . for Grid 2 case. 
Interaction with Periodic Wakes
Free-stream Turbulence Enhanced with Grid 1. Figures 3 and 4 are a series of snapshots of the instantaneous turbulence intensity contours for S = 2 83 . to demonstrate how the interaction was occurred between the flat plate boundary layer and the upstream wakes generated by the wake generator rotating in the 'normal' and 'reverse' directions, where the free-stream turbulence was enhanced by Grid 1 and the flow acceleration parameter K was 0 40 10 6 . × − . A comparison between these figures reveals that wake turbulence observed near the plate surface for the reverse rotation case tends to dissipate faster than that of the normal rotation case, as indicated in the study of Part I. Also clear is that wake-induced turbulence spots for the normal rotation case, designated with TS n in Figure 3 , appeared behind the wake turbulence earlier than that of the reverse rotation case, desiginated with TS r . Such a difference was already observed for the low freestream turbulence conditions in Part I. This situation can be reviewed in terms of ensemble-averaged shape factor H t
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Figure 5 Ensemble-averaged wake-affected shape factor contours for Grid 1 on diatance-time diagrams (upper) normal rotation (lower) reverse rotation which the velocity ˜, u y t ( ) reaches a maximum, say, Ũ t e ( ). Figure 5 shows the ensemble-averaged shape factor contours for the normal and the reverse rotation cases corresponding to Figures 3 and 4 , respectively. It is not clear whether the instantaneous shape factor defined by Eq. (2) possesses any physical meaning, however, some researches (Orth (1992) , Halstead et al. (1992) ) revealed that it could be an index to depict the transitional behavior of the wake-affected boundary layer likewise turbulence intensity or surface shear stress. In case of enhanecd free-stream turbulence, especially, it was turned out that the shape factor provided a clearer contours than the turbulence intensity did. Figure 9 Ensemble-averaged wake-affected shape factor contours for Grid 1 on diatance-time diagrams ( ) e f f e c t o f t h e e n h a n c e d f r e e s t r e a m t u r b u l e n c e a p p e a r i n g i n t h e i n t e r wake regions, therefore the transition process ends at nearly the same location for both rotation cases. This is also confirmed by time-averaged heat trasnfer measurements as described in the following. . Horizontal lines correponding to t T = 0.2, 0.5 and 0.8 are drawn in Figure 7 in order to clarify the relationship between the turbulency intensity and the shape factor. Due to the flow acceleration, the effect of the enhanced free-stream turbulence attenuated, so that the transition process was dominated by the wakeinduced transition mode. This seems to be the main reason why a relatively high value of the shape factor can be identified at the far downstream from the leading edge of the test plate. A calmed-region effect might exist, however, it cannot be clearly spotted in this case. . This intense flow acceleration attenuated not only the free-stream turbulence but also the wake turbulence, resulting in retarded boundary layer transition to the turbulent state, as confirmed from the shape factor contours in Figure 9 . 
WAKE-AFFECTED INTERMITTENCY FACTOR Effect of Turbulence Turbulence
Free-stream Turbulence Enhanced with Grid 1. Figure 13 shows time-averaged intermittency factors along the plate surface for the case of turbulence grid1, which is based on the wake-affected Stonton Normal Rotation wake passage under the influences of free-stream turbulence of moderate intensity as well as a flow acceleration. A calmed region effect on the intermittency factor cannot be confirmed in the present study. Figure 14 shows time-averaged intermittency factors along the plate surface for the case of Grid 2. It is quite evident that the natural transition mode dominated the whole transition process and the wake passage had only a minor effect on the intenmittency factor, in particular for K = × 
Free-stream Turbulence Enhanced with Grid 2.
CONCLUSIONS
This study demonstrated detailed experimental data of wakeinduced transition behaviors of the flat-plate boundary layers under the influences of enhanced free-stream turbulence as well as favorable pressure gradient. The main findings in this paper can be itemized as follows: (1) ACKNOWLEDGMENT
